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On  10  end  11  May,  11*72,  the  Gleam  L,  Kertln  Institute  of  Technology 
Low  Speed  Wind  Tunnel  at  the  Unlvereity  of  Herylend  wee  utilised  to  provide 
Information  for  several  programs  now  underway  at  the  Navel  Air  Development 
Center.  Full  scale  models  of  A-slse  sonobuoys  and  deployable  decelerators 
parachutes  end  floceleratora  --  were  tested  as  pert  of  Alrtask  A5335330/ 

202 5 /2P04 000001.  Information  derived  from  these  wind  tunnel  teste  will  also 
be  utilised  to  provide  prellmlnery  date  for  the  proposed  Expendable 
Reliable  Acoustic  Path  Sonobuoy  (ERAPS)  and  Multi-element  Array  Passive 
Sonobuoy  (MAPS),  under  study  through  Alrtask  A370370A/202B/F0O-121-710. 

Testing  of  the  swdela  Involved  simulated  sonobuoy  deployments  at 
various  speeds,  high  speed  photographic  coverage  to  establish  flocelerator 
Inflation  times,  end  compilation  of  drag  data  to  u*termlns  appropriate 
drag  areas  (CpS)  of  the  proposed  systems.  Background  Information  as  to 
the  development  of  these  sonobuoy  systems  can  be  found  In  references  (a) , 
(b),  and  (c). 

This  report  summarises  the  effort  involved  In  the  wind  tunnel  tests 
of  the  various  sonobuoy /decelerator  systems.  Preliminary  remarks  regarding 
the  models  tested  are  limited  to  discussion  of  type,  end  Illustrative 
figures  are  provided  for  clarification.  The  tunnel  test  set-up,  data 
compiled,  and  data  reduction  are  also  described.  Resultant  data  sre 
summarised  In  tabular  form. 

WIND  TUNNEL  TsST  3 ET -UP /MODEL  DESCRIPTION 

The  Glenn  L,  Martin  Institute  of  Technology  Low  Speed  Wind  Tunne7 
at  the  University  of  Maryland  is  of  the  single  return,  closed  throat 
rectangular  type  with  a test  section  7,75  fast  high  by  11,04  feet  wide  and 
la  capable  of  speeds  up  to  335  feet  par  second.  Located  beneath  the 
test  section  Is  a six  component  yoke  type  balance  system  composed  of 
electrically  driven  autosutlc  beam  balances.  Data  from  the  balance 
system  Is  simultaneously  Indicated  at  the  tunnel  operator's  position  on 
a central  control  consols  and  on  an  illuminated  number  panel  for  plotting. 

In  addition,  all  Indicated  data  are  automatically  recorded  In  print  and 
IBM  punch  card  form.  A detailed  description  of  squlpsMnt  available,  data 
reduction  capabilities,  and  other  pertinent  wind  tunnel  information  can 
be  found  in  reference  (d)» 

The  tunnel  test  set-up  for  the  flocelerator  and  parachute  models 
Is  depleted  in  figure  1.  An  A-slse  sonobuoy  body,  equipped  with  sn 
HAVA1RDXVCEM  (Naval  Air  Development  Center)  designed  aft  sonobuoy  module, 
was  mounted  on  the  tunnel  centerline  at  sero  angle  of  attack  by  means  of 
a strut  connected  to  the  tunnel  balance,  A fairing,  surrounding  the 
strut  end  independent  of  It,  was  mounted  directly  to  the  test  section 
floor.  The  flocerators  end  parachute  models  were  tested  trailing  the 
sonobuoy  body  after  simulated  deployment  st  various  tunnel  speeds. 
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Simulated  deployment  w as  accomplished  by  p&ckaglng  tha  flocelarator/ 
parachute  nodal  In  a drogue-bag,  which  In  turn  waa  houaad  ins  Ida  tha  aft 
soaobuoy  module.  Tha  drogue-bag  waa  aecurad  in  tha  aft  nodule  by  a steal 
through  pin.  Actual  deployment  waa  achieved  by  ralaaalng  this  pin  after 
tha  desired  wind  tunnel  speed  was  attained.  The  drogue,  free  In  the  air- 
stream,  pulled  the  bag  out  of  the  nodule  releasing  the  model.  After 
deployment,  the  drogue-bag  wee  constrained  to  the  tunnel  downstream  by 
a lanyard  attached  to  the  tunnel  floor.  Figure  2 illustrates  the 
deployment  sequence. 

Two  types  of  trailing  flocelerators  were  tested:  the  crown  flocalera- 

tor  (figure  3A)  end  the  codified  torpedo  (figure  3S).  The  crown  flocelera- 
tor  wee  tested  with  bo'  ' a*  attached  36  inch  square  parachute  and  a 12  x 
42  inch  cross-typ  r *w.v.ce.  Two  different  fabric  weights  were  used  in 
tbs  beg  construction,  7 ounce  and  5.4  ounce  (nominal)  polychloroprene 
coated  nylon.  Th«  Modified  torpedo  flocclerator  also  was  tested  with  the 
two  types  of  parachutes.  However,  the  materiel  used  in  beg  construction 
was  not  varied  --  ell  begs  consisted  of  the  7 ounce  materiel  with  e 5.4 
ounce  inlet  section.  In  addition,  one  modified  torpedo  model  was  constructed 
•o  that  the  inlet  geometry  could  be  varied. 

The  parachute  models  consisted  of  flat  circular  ribbon  end  ccosa 
types  and  were  tested  primarily  to  obtain  dreg  area  (CqS)  and  coefficient 
(Cq).  The  ribbon  parachutes  varied  in  else  from  7%  inch  diameter  to  15 
inch  diameter  (measured  across  the  flats).  Two  sizes  of  cross  type  para- 
chutes ware  tested,  10  x 30  (b/L  ■ .333)  end  12  x 42  inch  (b/L  ■ .286). 
Particulars  for  the  parachutes  are  outlined  in  figure  4 for  flat  circular 
ribbon  type  and  figure  5 for  cross  type. 

Miscellaneous  tests  ware  conducted  on  the  standard  A -size  aonobuoy 

rotochute,  and  on  different  noae  shapes  for  ths  sonobuoy.  The  two 
different  nose  shapes  tested  were  the  ogive  shape  end  tha  hemispherical 
shape.  Dimensions  are  given  in  figure  6. 

For  completeness  end  accuracy  of  tha  date,  several  test  rune  were 
accessary  for  evaluation  of  the  tare  and  interference  (T/I)  effects. 

Since  ell  of  the  models  tested  were  symmetrical , an  image  set-up  was 
provided  for  the  T/X  test  runs,  shown  in  figure  7.  The  image  set-up 
consisted  of  a fairing  and  strut,  Identical  In  size  and  shape  to  those 
used  in  supporting  the  models  in  regular  test  runs,  mounted  from  the 
celling  of  tue  tunnel  test  section.  Tha  actual  7/1  tests  involved  re- 
running certain  models,  using  the  image  set-up,  in  order  to  obtain  data 
necessary  for  corrected  results.  The  data  reduction  and  derived  results 
ere  outlined  in  the  following  section. 

DATA  REDPCTIOH/TBST  RESULTS 

A total  of  35  test  runs  were  conducted  in  the  wind  tusaal  including 
8 T/X  runs.  The  reduced  data  from  these  runs  is  shown  in  figure  8.  For 
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* clear  under* tending  of  eh*  results  derived,  the  following  paragraph 
will  define  Che  noaenzlttura  used  and  r.he  procedure  employed  for  data 
reduction. 

The  first  four  column2  of  figure  8 denote  the  run  and  applicable  T/I 
run;  a description  of  the  taodel  tested;  the  test  velocity  (V)  in  ft/sec; 
and  the  dynamic  pressure  (q)  in  lb/ft  . The  next  two  columns  give  the 
tmcorrected  drag  for  the  test  and  T/I  runs,  D and  D*.  Following  this  i* 
the  T/I  effect,  which  is  found  by  algebraically  subtracting  D from  D*. 

{T/I  negative  (D  > D*)  implies  that  the  majority  of  interference  is  due  to 
flow  disruption  by  the  fairing.  T/I  positive  (D  < D*)  implies  ucre 
flow  disruption  is  caused  by  the  support  strut.  Although  these  inter* 
ference  effects  could  have  been  separated,  the  process  is  long;  involving 
several  more  runs,  end  vaa  deemed  unnaccccaary  for  further  refinement  of 
the  data.]  The  corrected  drag,  DQ,  was  computed  by  algebraically  sub- 
tracting the  T/I  effect  from  D.  By  dividing  Do  by  q the  drag  area  (CpS) 
was  found.  The  average  drag  area  (Cp3)  is  given  in  the  last  column. 

Figi..c  9 glvaa  the  average  inflation  times  for  the  two  flocelerator 
types  in  graphical  form.  Tha  curves  were  constructed  by  extrapolating 
inflation  tiaras  from  the  film  coverage  of  the  first  eight  teat  runs  in- 
volving flocelsrators.  Also  plotted  on  figure  9,  ere  the  ideal  timee  of 
inflation  calculated  from  the  equation  of  continuity.  As  can  be  seen, 
inflation  timea  of  the  torpedo  bag  are  very  dose  to  ideal.  Horcever, 
the  crown  flocelerator  experiences  an  inflation  time  lag  of  approximately 
0.2  seconds  from  ideal.  A plausible  explanation  for  this  lag  it  tha  lack 
of  an  airodynesic  inlet  on  crown  flocalerators.  Inflation  does  not  begin 
until  the  attached  parachute  is  Inflated,  whereas,  Inflation  begins 
almost  lasradiately  upon  deployment  of  the  torpedo  bag. 

The  general  results  of  tha  testing  are  summarized  in  figure  10.  All 
similar  models  were  grouped  together  (e.g.  runs  #1  and  #2  differ  only  in  bag 
construction  material).  An  average  drag  area  (CpS).  less  body  effects, 
was  then  calculated.  The  average  drag  coefficient  (Cp)  was  found  by  dividing 
this  drag  area  (CpS)  by  a representative  area  (S  ) . For  the  flocalerators 
the  nominal  cloth  areas  of  tha  attached  parachutes  were  used  for  S.  Flat 
circular  ribbon  parachute  representative  areas  vara  the  cloth  areas  of 
circular  pieces  of  material  with  diameters  equivalent  to  the  ribbon 
parachute  "across  the  flats”  measurement  (figure  4).  Comical  cloth  areas 
were  also  used  for  S in  the  case  of  cross  type  parachute  except  for 
runs  18  and  23,  where  it  was  noted  that  the  nominal  arec  was  considerably 
less  than  actual.  For  the  nose  chape  runs  (26,  27  and  28),  tSe  frontal 
area  of  the  A-alce  body  was  used  for  S,  Also  tabulated  in  figure  10  are 
general  comments  and  observations  on  each  significant  test  run. 
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DI3C08SI0K  0?  TEST  BESPITS /COECLPSIOES 

Data  obtalaad  from  tha  wind  tunnel  case*  la  directly  applicable  to 
work  be  in*  dome  by  the  1AVAIEDE7CSK  uader  Air task  A5335330/2025/2E04000C01. 
Information  obtalaad  hes  resulted  la  tha  design  of  a two-stags  deceleration 
system  for  A-eise  coaobttoyc.  In  tha  process,  a combination  of  rsm-mir- 
laflated  floatation/ deceleration  system  (flocelarator)  for  A-sisa  sono- 
booy*  was  also  designed.  The  wind  tonal  data  has  alas  boan  oaed  aa 
cemputor  inputs  for  preliminary  design  of  a variety  of  deceleration  ayatexa 
for  different  a lx  a soaobooya.  A Hating  of  tha  general  conclusion  about 
tha  tunnel  teat  reaolta  follows: 

1.  The  body  drag  coafflclenta  (rtznx  26,  27,  and  28)  reaoltiag  from 
theaa  teata,  aura  or  leaa,  correspond  to  classical  (book)  values  for  C$ 

of  circular  cyllndera  (reference  (e)).  Is  particular,  the  Cjy  for  tha  ogive 
nose  proved  superior  to  tha  others  tested.  This  is  a significant  raault 
since  this  shape  la  voltaaatrlcally  efficient  aad  la  reported  to  produce 
stable  in-Viter  trajectories.  It  is  therefore  considered  aa  excellent 
candidate  shape  for  eay  sonobuoy.  la  addition,  these  body  drag  ceefflcleata 
are  applicable  to  the  proposed  REAPS  and  MAPS  systems  since,  for  fineness 
ratios  (body  length/body  diameter)  between  4 and  12,  the  drag  coafficleat 
is  ralatively  constant.  Tha  fin a nest  ratios  for  tha  eoaobuoya  under  study 
fall  in  this  ranga:  7.385  for  A-slze;  8.727  for  EEAPS  (B-slze  store); 

6.15  for  MAPS  (C-sira  atora). 

2.  Inflation  timas  for  the  flocelerators  are  clearly  established. 

Tha  relationship  of  actual  to  computed  (ideal)  tinea  aa  shown  is  figure  9 
waa  a significant  raault  of  the  wind  tunnel  tests.  Extrapolating  on  this 
data  for  proposad  ERAPS  and  MAPS  flocelerators  should  be  a straightforward 
procedura  depandent  only  on  final  system  weights. 

3.  Tha  crown  flocelarator  ia  inherently  more  advantageous  than  tha 
torpedo  bag  flocelarator.  It  ia  easier  to  fabricate,  requires  slgalflcantly 
less  material,  and  is  easier  to  package  in  the  sonobuoy.  This  last  point 
was  evident  from  the  wind  tunnel  teats  when,  during  the  lew  speed  deploy- 
swat  sequence,  tha  crown  flocelerator,  beir^  easier  to  package,  ves  deployed 
in  a much  shorter  time  than  the  torpedo  h'g.  Also  evident  from  tha  tests 
waa  the  fact  that  the  parachute  (particularly  the  square  type)  when  attached 
to  the  torpado  beg  failed  to  opaa  during  several  test  runs.  This  served 

to  askance  the  superiority  of  the  crown  flocelerator. 

4.  Insight  as  to  the  type  of  parachute  (square  or  cross)  that  should 
be  used  on  a flocelerator  waa  also  gained  by  these  tests.  As  noted  in 
figure  10,  tha  flocelerators  with  attached  cross  type  parachutes  had  a 
tendency  to  nwrap-upn  in  the  tunnel . This  shortcoming  is  due  to  the  way 
the  models  ware  mounted  — the  cross  parachute  was  attaebtd  to  a rigidly 
monatsd  body.  In  actual  flight,  any  tendency  for  a cross  parachute  to 
'•wrap -up"  weulvi  be  translated  into  a rotation  of  tha  body.  Therefore,  this 
"tarning"  observation  cannot  really  be  coaaidered  a deficiency  of  the 
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cross  pars  chut*.  However,  om  wukstu  of  the  cross  parachute/flocelerator 
arrangement  was  noted:  tying  of  the  suspension  lines  to  the  parachute. 

This  area,  in  a couple  of  test  runs,  resulted  in  sow  parachute  cloth 
tears.  Stitching  the  suspension  lines  should  correct  this  problem. 

Several  probleai  areas  concerning  the  square  parachute  ware  also 
autde  apparent.  One  was  the  need  for  a re-enforced  flocelerator-parachute 
attachment  accessary  to  sustain  high  opening  shock  forces  when  deployed 
at  high  speed.  This  re-enforceasnt  should  also  be  redieted  out  from  the 
bag  to  the  suspeastom  lines.  Another  area,  though  only  evident  when 
attached  to  the  torpedo  bag  flocalarator  was  failure  of  the  parachute  to 
open.  However,  this  problea  is  only  mentioned  for  coapletenees  of  results. 

Based  on  these  observations,  either  parachute  could  be  used  on 
the  crown  flocalarator.  Further  testing  is  required  to  show  any  signi- 
ficant difference  during  actual  use. 

5.  Tests  of  the  ribbon  parachutes  yielded  drag  arena  coesisteat 
with  those  computed  froa  previous  drop  tests.  However,  the  tunnel  tests 
indicated  a tendency  for  the  bottom  ribbon  (especially  on  the  larger  ribbon 
parachute) to  "carl"  end  become  ineffective  at  airspeeds  greater  than  100 
feat  per  second.  The  most  probable  reason  for  this  occurrence  la  that  the 
manufactured  suspension  lines  ware  improperly  sired.  This  is  highly 
probable,  aince  for  ribbon  parachutes  the  suspension  lint  lengths  should 
approximately  equal  0.?  of  the  nominal  flat  circular  diameter  (reference 
(f))«  Because  the  ribbon  parachutes  tested  are  email,  this  dimension  la 
difficult  to  obtain,  aaalytlcally  — the  nominal  diameter  could  be  that 
dlanstar  as  measured  across  corners,  across  the  flats,  or  the  average  of 
both.  Bonathelesa,  any  final  ribbon  parachute  selected  should  be  checked 
in  a wind  tunnel  to  assure  propar  performance  and  geometry. 


6.  The  conventional  A-siza  sonobuoy  rotochute  test  wee  not  com- 
pleted since  the  model  felled  during  the  test.  However,  a drag  area 
avarage  was  derived  based  cn  the  data  obtained.  Tare  and  Interference 
effects  ware  assumed  based  cn  T/I  effects  for  the  body  ruas.  The  result 
gives  in  figure  10  la  the  best  approximation  avallmbla  from  the  limited 
data  obtained.  The  model  "failed"  due  to  constant  rotation  of  the  blades 
without  adequate  bearing  support  — causing  the  blades  to  separata  from 
caatrlfugal  force  when  the  "washer-type"  bearing  seized.  The  fell  rare 
caused  some  damage  to  the  tunnel  teat  section  (shattering  of  overhead 
glass  panel,  chipping  of  side  shatter-proof  glass)  sod  fan  ("sand-blast" 
effect  on  propeller  froa  the  overhead  glass  particles).  Repairs  were 
completed  in  s few  hours  and  the  T/I  test  runs  coamancad.  However , it  is 
recommended  that  future  wind  tunnel  testing  of  rotochutes  be  conducted 
with  greater  caution:  substitution  of  a thrust  bearing  for  the  washer 

type  bearing  and  possibly  s metal  retaining  shroud  around  the  rotockuts 
blades. 
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(*)  Single  Stag*  So nobuoy  Decelerator  Syatesa,  llaval  Air  Development 
Camtar,  MADC-AH-TM-1515,  March  1971 

(b)  A-Slxa  Soaoboey  Dacalarator  Davelopswnt  Component  Evaluation  Taat 
Program,  feral  Air  DavelopsMnt  Camtar,  RADC-AH-TM-1557,  January  1972 

(c)  So ao buoy  Dacalarator  Development  Program:  Summary  of  Ram-Air 
Imflation  Tachaiquaa  and  Flocalarator  Vlad  Tunnel  Testing,  Kaval 
Air  Development  Camtar,  IADC-AM-TH-1662,  February  1972 

(d)  laformatioa  for  Uaars  of  tha  Glann  L.  Martin  Institute  of  Tech- 
nology Low  Spead  Wind  Tunnel  at  the  University  of  Maryland,  August 
1962 

(a)  Hoarser,  S.F.,  Fluid-Dynamic  Drag,  published  by  author,  copyright 
1958. 

(f)  Performance  of  and  Design  Criteria  for  Deployable  Aerodynamic 
Daeelerators,  AD  429  971,  Decenber  1963 
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Figure  8:  L»A  1’A  HEDUCT10N  (Sheet  1 of  5) 
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Figure  8:  DATA  REDUCTION  (Sheet  3 of  5) 
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Figure  10:  TEST  RESULTS  (Sheet  2 of  2) 


